The study's objectives were to investigate the prevalence, incidence, persistence, and associated risk factors of syphilis in female sex workers (FSWs) in Kaiyuan City, Yunnan, China. Three serial cross-sectional surveys were conducted and biological specimens were collected and tested for HIV, sexually transmitted infections, and drug use. The logistic Generalized Estimating Equation regression model was used to identify risk factors for prevalent syphilis. The prevalence of syphilis was 7 . 5%, 8 . 4 % and 8 . 8 %, respectively, in the three survey periods. Estimated syphilis incidence was 1 . 07 cases/100 person-years, and the persistence of syphilis per person at 6 months was 90 . 4 %. In multivariate analysis, the factors associated with syphilis were age, lower education level, number of clients in a week, inconsistent condom use with clients, herpes simplex virus type 2 (HSV-2), and Chlamydia trachomatis. Persistent syphilis in this population of FSWs is a serious public health concern.
INTRODUCTION
The re-emergence of China's syphilis epidemic in the past 20 years has highlighted the complex relationship between rapid economic development and public health [1, 2] . While rising prosperity and economic reforms may have improved health conditions for some, the resulting inequality in income, internal migration and re-establishment of the commercial sex industry has greatly facilitated the spread of syphilis and other sexually transmitted infections (STIs). From the near eradication of syphilis during the Mao Zedong years [3, 4] , the nationally documented primary and secondary syphilis incidence rate increased from 0 . 2 cases/100 000 in 1993 to 5 . 7/100 000 by 2005 [1] .
As China's economic development continues and contributes to the growth of the commercial sex industry, syphilis in China's population of female sex workers (FSWs) presents a considerable public health challenge. By 2003, an estimated 4-10 million women were engaged in commercial sex in mainland China [5, 6] . Marginalized populations, like FSWs, are of particular concern because many may have compromised access to condoms, healthcare services and educational materials, making them particularly vulnerable to infection. Previous studies have found that FSW populations with high syphilis prevalence (7 . 5% in Yunnan, 11 . 0 % in Sichuan, 14% in Guangdong) [7] [8] [9] [10] also practice relatively low levels of condom use [11] . This may indicate limited access and poor knowledge, but also sheds light on the problem that syphilis may continue to spread with the continuation of these unsafe sexual practices.
As HIV prevalence rates reach new highs in highrisk populations such as FSWs, syphilis is also of particular concern for understanding the HIV epidemic. Previous research has found that syphilis plays a facilitative role in the transmission of HIV [12, 13] , and tracking syphilis prevalence, incidence and the associated risk factors may help to understand the future of the HIV epidemic.
This study aims to assess the prevalence, incidence, and persistence of syphilis and to determine the risk factors for syphilis infection in FSWs in an area with prevalent commercial sex work. The analysis of three consecutive cross-sectional studies in FSWs in Kaiyuan City, Yunnan provides an important opportunity to understand syphilis prevalence trends, syphilis incidence, and can inform intervention methods to control STIs in FSW populations.
METHODS

Study subjects
From March 2006 to May 2007, we conducted three consecutive cross-sectional surveys of FSWs in Kaiyuan City, Yunnan Province at 6-month intervals. Outreach workers recruited potential study subjects at sex-work venues directly and through venue-owner outreach. The study site was conveniently located in central Kaiyuan. Outreach workers explained the study's purpose, procedures, and the risks and benefits of participation. All eligible FSWs were invited to participate in the study at the initiation of each crosssectional survey, including newly recruited subjects and those who had participated in previous surveys. The inclusion criteria stipulated that all participants were aged o16 years (legal age of consent in China), self-reported sex work within the last 3 months, were willing to have their blood and urine tested for HIV/ STIs and opiate use, and were willing and able to give written informed consent. Those eligible for study participation were thoroughly informed of the study's purpose and procedure and informed consent was obtained. Study protocol secured approval from the institutional review boards of the China Center for Disease Control and Prevention (China CDC) and Yunnan CDC. All participants were compensated 50 Renminbi (RMB) upon the completion of each survey.
Data collection
Staff members from the National Center for AIDS/ STD Control and Prevention and Yunnan CDC trained local staff members from Kaiyuan CDC in the protection of human subjects, obtaining informed consent, and safeguarding confidentiality.
After providing written informed consent, participants were asked a series of questions regarding their demographics, basic medical history, and sexual and drug-use behaviour. Blood, urine, and vaginal swab samples were collected. To protect confidentiality, all subjects, subject surveys and collected specimens were assigned a corresponding participant identity number. Subjects were scheduled for follow-up visits 4-6 weeks after the initial visit to receive test results and receive post-test counselling. Those who were infected with STIs were referred to Kaiyuan City Dermatology Hospital for evaluation and treatment, and those found HIV-positive were referred for treatment to Kaiyuan People's Hospital. Attempts were made to contact those who did not return for post-test counselling. All enrolled subjects were also encouraged to participate in subsequent surveys.
Laboratory testing
Sera specimens were tested for syphilis, HIV, and Herpes simplex virus type 2 (HSV-2) antibodies. Syphilis antibodies were tested for using the rapid plasma reagin (RPR) test (Xinjiang Xindi Company, China). Samples testing positive by RPR test were confirmed by the Treponema pallidum particle assay (TPPA) test (Serodia-P . PA-Fujirebio, Japan) and subjects positive by both RPR and TPPA tests were considered syphilis positive. Successful treatment for syphilis was defined as a fourfold decrease in a participant's RPR titre after at least 6 months. Subjects who tested syphilis seropositive on at least two consecutive visits without a fourfold decrease in RPR titre were considered as having persistent syphilis infection. HIV-1 antibodies were tested for using enzymelinked immunosorbent assay (ELISA) (Vironostika HIV Uni-Form plus O ; bioMe´rieux, Holland) and positive HIV-1 results determined through ELISA were confirmed by Western blot (Diagnostics HIV Blot 2.2 ; Genelabs, USA). HSV-2 antibodies were tested for using HerpeSelect-2 ELISA IgG (Focus, USA). Endocervical and vaginal swabs were collected by physicians from Kaiyuan Dermatology Hospital in a private examination room on the research site.
Endocervical swabs were collected and tested for Neisseria gonorrhoeae and Chlamydia trachomatis by polymerase chain reaction (PCR ; AMPLICOR, Roche, USA). Vaginal swabs were collected and wet mounts were prepared. Samples were classified as Trichomonas vaginalis (TV)-positive if motile organisms were observed. Urine was tested for opiate presence (MOP One Step Opiate Test Device, ACON Laboratories Inc., USA). Participants were classified as using illegal drugs if they tested urine-opiate positive or self-reported a history of illegal drug use.
Data analysis
Syphilis incidence density was calculated for subjects who were initially negative and completed at least two surveys. We estimated date of syphilis infection as the midpoint between the last syphilis seronegative test and the first syphilis seropositive test. Syphilis incidence density was calculated by dividing the number of events of syphilis seroconversion by the number of person-years of follow up. The follow-up time for each FSW was calculated as the time between her first negative syphilis test and the most recent negative syphilis test or incident syphilis infection if she seroconverted. Poisson 95 % confidence intervals (CIs) were calculated for overall incidence density. Fisher's exact and x 2 tests were used to compare demographic characteristics across survey periods.
The logistic Generalized Estimating Equation (GEE) regression model was used to analyse risk factors for syphilis infection. This technique allows for repeated within-subject measurement, and variation in the number of observations over the course of study. The model was adjusted across corresponding baseline measures for covariates to obtain adjusted odds ratios (aORs) to assess the effect of risk factors or confounders on dichotomous outcomes, by including factors with P<0 . 2 in univariate analyses and then by limiting final multivariate models to risk factors or confounders that were statistically significant (P<0 . 05). A time period indicator was included in each model to capture any temporal effects that had not been taken into account, for example, the time effects of repeated surveys. Analyses were performed using SAS 9.1 software (SAS Institute Inc., USA).
RESULTS
Participant demographics and risk behaviours
A total of 1450 FSWs were approached to participate in the study. All of those approached were initially willing to participate and were enrolled in the study, but eight (0 . 6 %) withdrew because they refused specimen collection and another 30 (2 . 1 %) withdrew when sensitive questions were asked. Of the 1412 FSWs included in the final study population, 871 (61 . 7 %) participated in one survey, 305 (21 . 6%) participated in two surveys and 236 (16 . 7 %) completed all three surveys. A total of 53 . 3 % (393/737) FSWs participated in post-test counselling from the first survey, 65 . 6% (490/747) from the second survey and 52 . 5 % (370/705) from the third survey.
FSWs were primarily of Han ethnicity (69 . 0%) and were permanent residents of Yunnan Province. Table 1 outlines some of the differences between subjects in each survey period. Compared with subjects who participated in the second and third crosssectional surveys, subjects in the first survey were, on the whole, younger and more likely to reside at their sex-work venue. Subject characteristics across the three surveys were statistically similar in regards to nationality, residence, education level, marital status and entertainment venue. Relatively high HIV and STI rates were identified in each survey period.
In all, 720 (51 %) subjects reported having a regular partner (RP), which was defined as a male with whom the subject had regular sexual relations without compensation. Of these 720 participants, 597 (83 %) said they did not routinely use condoms with their RP. Of the 56 syphilis-positive FSWs who reported having a RP, only six (10 . 7 %) said they always used condoms with the RP in the previous week. The overall syphilis prevalence was significantly lower in those reporting consistent condom use with clients (6 . 4% for those with consistent condom use with clients vs. 14 . 5% for those with inconsistent condom use with clients, P<0 . 0001).
Syphilis infection in female sex workers (Table 2) showed that those who were older, who had ever been married, who charged <100 RMB per sexual service, who saw o6 clients per week, who reported inconsistent condom use with clients (defined as sometimes or never used condoms in recent week), and those who were infected with C. trachomatis or HSV-2 were more likely to be syphilis seropositive. On the other hand those with more years of schooling, those who lived at their sex-work venue (as opposed to a private residence), and those who reported alcohol use were less likely to have syphilis. Table 3 shows the results from multivariate analysis. Multivariate analysis found that subjects who were HSV-2 positive had about 3 . 8 times the risk of syphilis infection than those who were HSV-2 negative ; similarly, risks were nearly twice as high for FSWs infected with C. trachomatis. Having o6 clients per week and inconsistent condom use with clients in the previous week were also associated with greater risk of syphilis infection.
DISCUSSION
To our knowledge, this study is the first that characterizes the risk factors associated with syphilis and measures the incidence and persistence of syphilis in a population of FSWs in Kaiyuan City, Yunnan. Syphilis in this population of FSWs was found to be significantly associated with HSV-2 co-infection, C. trachomatis co-infection, older age, fewer years of education, higher client volume, and inconsistent condom use with clients. Syphilis incidence was low (1 . 07/100 p-yr), but prevalence rates showed a slight increase from each survey period to the next. Syphilis prevalence found in this study (7 . 5-8 . 8 %) was not as high as the rates in other cities such as Guangzhou (14 %) [14] or Xichang (15 . 7%) [9] , but is similar to the corresponding rates found in Guangxi Province (8 . 5 %) and Shandong Province (7 . 4 %) [15, 16] . The increasing trend in prevalence rates and other factors identified during this study, such as low reported condom use and high persistence of syphilis, make this population of particular concern because they could be indicators of a larger syphilis epidemic in Kaiyuan FSWs in the future.
In this study, the persistence of syphilis at 6 months was very high (90 . 4 % of FSWs) and only five individuals exhibited successful treatment. This is of concern for several reasons. First, FSWs may not be seeking treatment after a syphilis-positive diagnosis or if seeking treatment, may not be successfully completing treatment. Second, if women are seeking and successfully completing treatment, they may experience a recurrence of syphilis because of failure to reduce risk behaviour after the first syphilis diagnosis. Previous research has shown that high-risk populations reduce their post-HIV-test risk behaviours regardless of the test result [17] . Because syphilis is a treatable infection, syphilis-positive FSWs may not fear subsequent syphilis-positive diagnoses or transmission to others. Previous research has identified syphilis as a biological risk factor for HIV [18] [19] [20] , syphilis-positive FSWs increase their own and their partners' risk of HIV transmission.
Multivariate analysis revealed that being infected with HSV-2 and C. trachomatis were both risk factors for syphilis in this study population. Biological factors may help explain the association with HSV-2 and C. trachomatis infections. C. trachomatis can cause pelvic inflammatory disease, cervical inflammation and other chronic inflammation of the urogenital tract [21, 22] and chronic urogenital tract inflammation can contribute to the susceptibility of other microbial pathogens, including syphilis [23] [24] [25] . Our study finding that there were higher rates of syphilis in subjects with HSV-2 is in accord with previous studies [23] [24] [25] [26] . HSV-2 is a reliable indicator of past risky sexual behaviour and such behaviours may also put individuals at risk for syphilis [27] . Additional consideration of the independently associated behavioural risk factors provides further insight into the nature of syphilis-related risk behaviors in Chinese FSWs. Inconsistent condom use and higher client volume were both significantly associated with syphilis in this study and have been identified as risk factors in previous research [14, 28, 29] . Low condom use and high client volume increase exposure to syphilis and other STIs which in turn increases the risk of transmission. Similarly, older age, which was found as a risk factor in this study, has also been identified as a syphilis risk factor in previous research on high-risk populations in China and other settings [30] . However, research that looks further into the relationship between syphilis and older age is needed. Older age could also be a proxy for other risks, such as client base, that were not captured in this model. Lower education was also identified as a syphilis risk factor in the multivariate model. FSWs with poor education may have less access to information about STIs, their prevention methods, safe-sex practices and proper healthseeking behaviours. Although not statistically significant, the overall low reported condom use rates with RPs in this population were also a point of concern identified in this study. Only their RPs to more effectively and successfully discuss condom use. Despite significant findings, this study was subject to several limitations. First, in subjects who may have been in early or late stages of syphilis, false-negative results for both RPR and TPPA tests may result in an underestimation of syphilis in our study. Subjects who may have been in the early stages of syphilis infection may at least have been detected in subsequent follow-ups, thus reducing the effect of this bias. Syphilis-positive participants were referred for treatment to Kaiyuan City Dermatology Hospital, but information on the medical treatment or staging of syphilis was not collected ; therefore, it is difficult to distinguish between persistent and recurrent syphilis. This is compounded by recall bias regarding medical treatment or staging of syphilis. Second, follow-up with this population was low and only 16 . 7% of participants completed all three surveys. Low followup may have impacted the calculated incidence, prevalence, treatment, and persistence rates. Previous research on commercial sex in China has suggested that most FSWs are highly mobile but within a limited area, suggesting that future studies might achieve better follow-up by working with not only local but also prefectural-level health departments to recruit and follow-up with participants. Key informants from the target population might also be recruited to consult on alternative methods for better maintenance of the study cohort. Finally, this study analysed a population of FSWs in Kaiyuan City, Yunnan and the results of this study may not be applicable to all FSWs in Kaiyuan or FSWs in other parts of China.
Significantly, this study found a high persistence of syphilis in this population of FSWs in Kaiyuan City, Yunnan. As discussed earlier, syphilis may be of particular concern because of its infectiousness and its ability to act as a co-factor in HIV transmission. Future research should investigate the issues that impact on recurrent and persistent syphilis in order to help inform effective interventions. There is an urgent need for a national campaign to carry out screening and treatment of syphilis, including education programmes and prevention efforts to address social drivers of this epidemic. In addition further research into the current treatment programme and factors associated with unsuccessful treatment and recurrent syphilis are important for control of this preventable and treatable STI.
